Background: It has been hypothesised that a reduction in anticipatory pleasure contributes to reduced levels of functioning in people with schizophrenia. Previous research on anticipatory pleasure, however, reports mixed findings and has not yet examined the link between anticipatory pleasure and activity. The aim of this study is to examine how pleasure anticipation is related to difficulties engaging in activity in people with schizophrenia. Method: A healthy control group (n = 44) and a group of individuals with schizophrenia (n = 36) completed an experience sampling study using portable devices. Participants rated motivation, mood, functional, leisure and social activity levels; anticipatory and consummatory pleasure seven times a day for six consecutive days. Multi-level regression models were constructed to examine the role of anticipatory pleasure and/or motivation in predicting future activities. Results: The findings showed no evidence for a motivation or pleasure deficit in people with schizophrenia. Yet, people with schizophrenia did fewer functional activities and spent more time "resting" or "doing nothing". In the control group, expectation was the only significant predictor of future activity. In contrast, none of the parameters assessed could predict experiences occurring in people with schizophrenia. Conclusions: In contrast with controls people with schizophrenia did not show a link between their predictions and the activities they engaged in. This appears to be an important process influencing functioning in people with psychosis. Future interventions targeting reduced functioning should focus on reinforcing the link between pleasure anticipation and goal-directed behaviour.
Introduction
The negative symptoms of schizophrenia have repeatedly been linked to poor functional outcomes and yet there are still no recommended interventions available to clinicians (Foussias et al., 2011; Loas et al., 2009 ). The Temporal Experience of Pleasure (TEP) model (Kring and Barch, 2014; Kring and Caponigro, 2010) has been influential in the study of these emotional and motivational deficits in schizophrenia (Edwards et al., 2015a) . This model proposes a key link between anticipatory pleasure (consisting of both the expectation of future activity and the associated pleasure) and motivation which then drives activity. This hypothesis has attracted a lot of interest in the field as it offers an important potential treatment target to reduce functional difficulties. However, despite extensive research, the findings in the literature to date offer, at best, moderate support for this hypothesis with mixed results regarding anticipatory pleasure deficits in particular (Edwards et al., 2015a) .
The majority of studies investigating anticipatory pleasure have been conducted in laboratory settings using tasks and questionnaires in cross-sectional designs. Some show reduced motivation and anticipatory pleasure in people with schizophrenia (Chan et al., 2012; Mote et al., 2014; Reddy et al., 2014; Schlosser et al., 2014) while others have found results in the opposite direction (Strauss et al., 2011) . The limitation of these experimental designs is that the stimuli used vary across studies and are often selected according to standardised lists rather than the participant's own preferences. Indeed, the findings from our research demonstrated that the anticipation of pleasure is highly dependent on individual's enjoyment of the stimulus being anticipated (Edwards et al., 2015c) . Studies have started to employ experience sampling methodology (ESM) which allows researchers to collect data directly from the participants' everyday lives to reduce a reliance on retrospective memory and maximise ecological validity.
Almost all ESM studies demonstrate similar anticipatory and consummatory pleasure in control and schizophrenia participants, for both social and non-social activities (Brenner and Ben-Zeev, 2014; Gard et al., 2014; Janssens et al., 2012; McCormick et al., 2012; Oorschot et al., 2013) . All ESM studies, however, examined pleasure and motivation as discrete constructs at separate time points. This fails to take full advantage of a key strength of ESM which is the ability to examine patterns and relationships over time and the potential to provide information on how anticipation is related to activities. The current study explores the link between anticipatory ratings and specific categories of future events. This approach builds on the existing evidence which suggests that anticipatory pleasure is not globally reduced in people with schizophrenia (Edwards et al., 2015b; Gard et al., 2014; Tremeau et al., 2010) . Instead, specifically what is being anticipated may be important, particularly when considering social activities which are often not studied separately in the literature.
The majority of laboratory studies have examined pleasure ratings in response to stimuli. However, it is important to consider that these ratings occur in an emotional context -the individual's positive and negative affect that they are experiencing at that time. This is particularly important in people with schizophrenia where a phenomena described as 'affective ambivalence' ) has been observed many times. This refers to simultaneously raised levels of both positive and negative affect in response to both negative and positive events. This has not only been shown in the laboratory but experience sampling studies have found that people with schizophrenia report high levels of negative and positive affect alongside activities they find enjoyable (Oorschot et al., 2013; Sanchez et al., 2014) . However, a recent metaanalysis of 12 experience sampling studies found that people with schizophrenia report overall reduced positive affect and increased negative affect when recording their emotion in everyday life (Cho et al., 2017) . These findings are not put in the context of the events the person is experiencing and although this pattern may emerge when mood ratings are summarised it may be more relevant to functioning to characterise the moment-to-moment interactions between mood and enjoyment of activities. This relationship was examined in the current moment in an ESM study that reported a weaker link between current enjoyment and negative emotion in people with schizophrenia compared to controls . The current study extends these findings by considering the impact of mood on anticipatory pleasure for future activities as well as whether the person then engages in those activities.
The overall aim of this study was to test the hypothesis put forward by the TEP model that anticipatory pleasure, consisting of both an expectation for a future event and the associated pleasure, predicts motivation and influences activity. This study will examine the impact of the emotional context in which events are anticipated by assessing mood and activity enjoyment alongside anticipatory ratings. The findings in people with schizophrenia will be compared with a control group to establish which mechanisms may be disrupted. We expect that people with schizophrenia will show an attenuated link between anticipation and activity.
Our hypotheses from the TEP model and wider research are as follows:
• Anticipatory pleasure, expectation and motivation will be lower in people with schizophrenia compared to control participants.
• Positive and negative affect will be higher in people with schizophrenia compared to controls.
• Functional and social activity levels will be lower in people with schizophrenia compared to control participants. Activity levels will be associated with anticipatory pleasure and expectation in both groups.
Method

Design
This is a comparison study collecting observational data over one week. It includes a group of people with a diagnosis of schizophrenia 
Sample
Outpatients were recruited from community mental health teams in South London using the following inclusion criteria: (i) DSM-IV diagnosis of schizophrenia, (ii) aged 18-65 yrs., (iii) a score of at least 14 on the negative symptom subscale of the Positive and Negative Symptom Scale (PANSS) (Kay et al., 1988) which ensured negative symptoms were present but allowed for a range of severity (Lysaker and Bell, 1995) (iv) good command of the English language. They were excluded if they had: (i) a DSM-IV diagnosis of substance abuse which may cause substance-induced psychosis, (ii) severe learning difficulties (e.g. diagnosis of a learning disability, severe dyslexia -identified through a medical record review).
Control participants were recruited using online advertisements, community links and word of mouth. Inclusion criteria: (i) no current or history of mental health problems according to the MINI ( (Sheehan et al., 1998) ) (ii) aged 18-65 yrs. (iii) good command of the English language.
Measures
Baseline clinical and demographic characteristics
Symptom severity in the schizophrenia group was assessed with the PANSS (Kay et al., 1988) . The five factor solution (Wallwork et al., 2012) is reported following a recent study examining negative symptoms (Cella et al., 2014b) .
2.3.2. Experience sampling questionnaire (see Fig. 2 for full questionnaire) 2.3.2.1. Activity. The experience sampling questionnaire recorded both current and future activity by asking participants to rate their current and future activity categories (i.e. Relaxing, Work/School, Studying, Housekeeping, Shopping, Hygiene, Eating/Drinking, Travelling, Leisure Activity, Nothing).
2.3.2.2. Mood. Current mood was assessed with the ESM questionnaire by rating 11 feeling states e.g. "Right now I feel [guilty]". Four of these items were grouped into a positive affect rating and the remaining 7 into a negative affect rating.
2.3.2.3. Anticipatory and consummatory pleasure ratings. Consummatory and anticipatory pleasure was rated on a 7-point Likert scale from 1 not at all to 7 very much so -"How much are you enjoying this activity?" and "How much do you think you will enjoy this activity?" The expectation component of anticipatory pleasure was assessed using the item "What do you think are the chances this activity will occur?" rated from 0 to 100%.
Motivation and expectation.
Motivation was rated using the sum of two items related to the anticipated activity -"How interested are you in this activity?" and "Would you prefer to do something else?" on the same 7-point Likert scale. These questions are posed indirectly because the purpose of the study was to observe not intervene and this style of questioning limits the potential for the participant to change their behaviour in response to the question.
2.3.2.5. Social activity and pleasure ratings. Socialising was assessed by selecting current and future social contact from 7 categories grouped into familiar (partner, friends, family, colleagues, and acquaintances), unfamiliar (strangers) and nobody. Consummatory and anticipatory pleasure for socialising was rated on the same 7-point Likert scale as other activities.
2.3.2.6. Preference to be alone/with others. A rating of preference to be alone/with others was included and used the same 7-point Likert scale. The questionnaire branched to ensure the participants were asked the appropriate set of questions based on their current company.
Procedure
The control participants were screened via the telephone by the study researcher prior to attending the initial session. During the initial session participants in the schizophrenia group completed the PANSS. The ESM questionnaires were completed using a PsyMate device (see Fig. 3 ), this is a small portable touchscreen device which represented the best available technology at the time this research was completed (Boyce, 2011; Maastricht University) . After the initial session each participant attended a briefing session where they were trained on how to use the device. All participants were asked to carry the device with them for 6 days and were prompted to complete 7 questionnaires per day at pseudo-random times (at least 45 min apart) between 8.30 am and 10 pm in accordance with standard ESM protocols (Kimhy et al., 2012) . At each beep the handheld device presented the participant with the questionnaire to complete within 20 min. The study researcher called the participant at two time-points during the data collection week to check on progress and troubleshoot. All items completed were included in the analysis, including any incomplete questionnaires submitted. A 20% minimum threshold of questionnaires completed was set to ensure adequate external validity of the ratings given allowing conclusions to be drawn regarding the wider population. This threshold has been used in previous research (Oorschot et al., 2013) and was found to provide sufficient power in analyses of the reliability of this data reported elsewhere . The potential impact of responsivity, where the process of completing the questionnaires affects responses provided by participants, was minimised throughout the design of the procedure and questions used .
Analyses
Demographic information was compared between groups using chisquared and t-test analyses. Number of occasions recorded in different activities and in different company was calculated as a percentage of the total number of beeps completed. These percentages were then compared between groups using one-way ANOVAs. Other variables were not aggregated to produce composite values as this would lose the value of multi-level modelling data and have limited validity as an approach.
Multi-level linear modelling techniques are variations of unilevel linear regression analyses ideally suited to experience sampling data because this creates three levels of analysis (i.e. questionnaire level, day level and participant level). Clustered variation for each time, day and participant is accounted for as random effects in the model; the effects of the predictors on the outcome variable are described as fixed effects. Models can be estimated with continuous or categorical outcomes. The commands XTMIXED for continuous outcome variables and XTMELOGIT for categorical outcome variables in Stata (Version 11.2) (StataCorp, 2009) were used for these analyses (Hartley et al., 2015; Kimhy et al., 2012) . Effects from predictors in the multilevel model were expressed as β scores representing the fixed regression coefficient. Interaction variables between the independent variable and group were entered into all the models to examine whether the effect of the independent variable on the dependent variable was significantly different between groups. Group differences identified in ESM mood variables were entered into future models as covariates.
Time-lagged analyses were conducted using multi-level models; ratings of mood, pleasure and motivation recorded at the previous timepoint are entered into the models as predictors of an activity occurring at the next time-point to address the final hypothesis of whether anticipatory pleasure, expectation and motivation predict future activity in both groups.
A power calculation was performed based on a linear multiple regression model with a random factor to give an estimate of sample size. This calculation suggested a total sample of 30 people (15 per group) would be sufficient to detect a population multiple correlation coefficient of 0.4 with up to 8 predictors with an inter-correlation of 0.5 or higher. This sample size is in line with previous research and recommendations in the field e.g. (Kimhy et al., 2012) .
Results
Demographics
Five people in the schizophrenia group and 1 in the control group failed to complete N20% of the ESM questionnaires during the week and were excluded from the analyses. There were no differences between those included and excluded in age, medication or symptoms (see Table 1 ). The final sample included 33 people who completed a total of 951 ESM questionnaires in the schizophrenia group and 43 people in the control group who completed 1356 ESM questionnaires in total. People with schizophrenia completed 71% of the questionnaires compared to 81% in the control group. There was no significant difference in the completion rates between groups (Χ 2 = 30.17, p = .46).
Across the whole sample, 13 incomplete questionnaires were submitted (0.9%). For a detailed analysis of the pattern of completion and the consequences for the validity of the study please refer to Edwards et al. (2016) . The groups were balanced for age and gender, but not for ethnicity (Χ 2 = 7.04, p b .05). People with schizophrenia had lower levels of education and employment than the control group Education: Χ 2 = 22.72, p b .05; Employment: (Χ 2 = 32.16, p b .05).
How did people spend their time?
People with schizophrenia reported a similar number of leisure activities compared to control participants (F(66) = 0.09, p = .76) (see Fig. 1 ). As predicted, control participants reported significantly more functional activities (F(66) = 53.12, p b .0001) and described significantly fewer activities as "nothing" (F(66) = 29.98, p b .0001) or resting (F(66) = 9.84, p = .002). 
Who did people spend their time with?
In contrast to our expectations, people with schizophrenia and control participants spent similar amounts of time in both familiar company (SZ 43%, Control participants 49%), unfamiliar company (SZ 2%, Control participants 3%) and alone (SZ 55%, Control participants 48%) (F (1,75) = 0.731, 1.68, 1.15 respectively, p = .20-0.40). Due to the very small number of beeps at which the participants indicated they were in the company of strangers these beeps were excluded from further analyses.
Affective ambivalence: emotional context predicts anticipatory pleasure ratings in people with schizophrenia
In line with previous research, negative mood was significantly higher in the schizophrenia group (β = 10.35 (1.59), p ≤ .001), and was therefore controlled in all multi-level models examining the effect of diagnostic groups (See Table 2 ). There was no difference in positive mood between groups (β = 0.22(0.98), p = .82).
Consummatory pleasure, negative and positive affect were all associated with anticipatory pleasure in the schizophrenia group (see 1 not at all -7 very much so 1=Relaxing, 2=Work/School, 3=Studying, 4=Housekeeping, 5=Shopping, 6=Hygiene, 7=EaƟng/Drinking, 8=Travelling, 9 = Leisure AcƟvity, 10=Nothing.
1 not at all -7 very much so
Mood Items
Consummatory Pleasure and AcƟvity Table 3 ). This was only the case for positive mood and functional activities in the control group.
Anticipatory and consummatory pleasure in people with schizophrenia
In contrast to our hypotheses, consummatory pleasure was higher in the schizophrenia group for both leisure and functional activities (see Table 4 ).
Furthermore, anticipatory pleasure was also significantly higher in the schizophrenia group for both functional and leisure activities. In line with our hypothesis, expectation was lower in the schizophrenia group for functional activities (β = −1.54(0.48), p b .001). However, there were no other significant differences between groups in motivation or expectation.
What predicts non-social activities?
To test the hypothesis that anticipatory pleasure, expectation and motivation drive activity, a time-lagged analysis of these variables with activity as the outcome was conducted. In the control group, expectation predicted functional activities (β = 0.15, p = .031 95% CI = −0.01-0.28) occurring at the next time-point (controlling for negative and positive mood). None of the time-lagged ratings of anticipatory pleasure, motivation or expectation at a beep predicted the anticipated activity occurring at the next beep in the schizophrenia group.
Anticipating time with others and alone
There were no significant differences between people with schizophrenia and control participants in anticipatory and consummatory pleasure for social activities (β = 0.04-0.92, p N .05). People with schizophrenia rated a higher preference than control participants to be with others when alone (β = 5.62(0.47), p b .001). However, people with schizophrenia also rated their preference to be alone significantly higher when with other people (β = 0.84(0.23), p b .001). When alone, people with schizophrenia rated their consummatory pleasure as lower than control participants but at trend level only (β = −0.78 (0.43), p = .07). None of these variables predicted future social contacts in either group.
Discussion
In contrast to expectations, anticipatory pleasure for both leisure and functional activities was significantly higher in people with schizophrenia, replicating findings from two recent studies (Brenner and Ben-Zeev, 2014; Gard et al., 2014) . Consummatory pleasure was also found to be higher in the schizophrenia group, in contrast to a previous, smaller, experience sampling study which reported no difference compared to control participants (Gard et al., 2007) . However, these elevated pleasure ratings did not translate to expectation and functional activity, both of which were reduced in people with schizophrenia. This group also reported more time "doing nothing" than control participants, despite higher anticipatory pleasure for other activities. These results are in line with a recent study that showed people with schizophrenia spend more time in unstructured activity in comparison to other general population groups .
Previous research has shown that the emotional context in which anticipation is occurring is important (Edwards et al., 2015c) .The findings from this study suggest that the emotional context in which anticipation occurs has a bigger impact in people with schizophrenia compared to control participants as mood ratings were more strongly associated with pleasure and motivation ratings. These mood ratings also differed from controls; negative mood was elevated in people with schizophrenia, replicating a common finding in experience sampling studies . This is in the context of similar levels of positive mood compared to control participants. The presence of high levels of both negative and positive affect is described as "affective ambivalence" ) and despite its consistent presence in studies the impact of this experience on negative symptoms and functioning is not yet known. The levels of negative affect did not appear to influence future activity in a preliminary analysis in this study so the link with anticipation and expectation may be important.
The findings from the social ratings and activity levels in this study also appear to reflect an ambivalence about spending time with others. People with schizophrenia indicated that they would prefer to change their current social context more than controls -whether that meant being alone or seeking out others. Social behaviour was not driven by motivation as may be predicted by the TEP model. This replicates findings from a recent study which showed that social functioning is associated with social motivation 6 months later but not the other way around (Fulford et al., 2018) . This study is further evidence against a linear sequence of motivation and activity, particular in people with schizophrenia. It seems there may be more dynamic and reciprocal relationships between an individual's motivation for an activity and their ability to engage with it.
In the control group, "cognitive" expectation of engaging in an activity predicts this activity occurring more than the anticipated pleasure, for both social and non-social activities. In the TEP model expectation is considered part of anticipatory pleasure whereas these findings suggest it may be an important, distinct component as it is a predictor of future activity whereas anticipatory pleasure is not. Expectation was also significantly reduced in people with schizophrenia compared to controls whereas anticipatory pleasure was higher. A further aspect to consider is that the construct of expectation is very broad and may incorporate several related constructs e.g. poor planning ability, defeatist beliefs or lack of opportunity which are all absent from the TEP model.
Limitations and future directions
Expectation is an important predictor of activity but this was not measured for social activities in this study. This is a limitation and the role of expectation in engagement in future social activities should be a priority for further research. Cognitive abilities such as executive functions may affect someone's ability to expect and plan for future activity and these were not measured in the study. Future studies should consider assessing for cognitive difficulties as these are likely to be implicated in functioning problems. The inclusion of an eligibility criteria of at least 14 on the PANSS-N ensures the presence of negative symptoms in the sample but limits the heterogeneity and therefore the generalisability to all individuals with a diagnosis of schizophrenia. Replication of these findings in a heterogenous sample would increase the generalisability of these conclusions.
The priority for future research should be to identify the barriers to developing sufficient expectation for completing an activity once it has been anticipated to be enjoyable. Some recent research hypothesised defeatist beliefs (Campellone et al., 2016) and difficulty computing the effort required for the activity (Green et al., 2015) as potential barriers to activity engagement that need to be tested. This study also suggests that interventions which strengthen the link between anticipation and activity may prove useful particularly for those experiencing high levels of negative symptoms. There are several constructs that therapies could target to strengthen this link. For example, the behavioural activation component of cognitive behavioural therapy could incorporate a focus on the decision-making process between anticipation and engaging in an activity (Grant et al., 2012) . Cognitive remediation was found to have a moderate positive effect on negative symptoms . Elements of this intervention could be further tailored to maximise its impact on potential cognitive domains that may be relevant to negative symptoms. Examples of possible mechanisms that cognitive remediation can target and are relevant for negative symptoms are reward learning (Cella et al., 2014a) , executive functions and planning (Farreny et al., 2013) .
The results of this study indicate that identifying pleasurable activities and enjoying them is not a problem for people with schizophrenia. The issue perpetuating functional difficulties is likely to be expectation and the link this forms between anticipation and activity. 
